ABSTRACT The observed decrease in local mode anharmonicity with increasing methyl substitution in butane is related to a change in potential energy along a methyl CH-stretching coordinate. The potential energy change is modeled by Lennard-Jones 6-12 and Morse potentials and the resultant potential parameters are discussed.
solid phase. A natural description of a CH local oscillator is in terms of a Morse potential (4). The lower anharmonicity in the higher viscosity solid arises from the addition to this Morse potential of the barrier predicted by Dellinger and Kasha. Therefore, the net effect of the increased intermolecular forces is to shape the vibrational potential directly and to render it more harmonic (3) .
Recently, similar considerations were used (5) to understand the decrease in the CH3 local mode anharmonicity with increased methyl substitution in substituted butanes. The anharmonicity decreased regularly from -62.4 to -57.5 cm-' in the series butane, 2-methylbutane, 2,3-dimethylbutane, 2,2-dimethylbutane, 2,2,3,3-tetramethylbutane. It was reasoned that intramolecular steric crowding is providing the same type of barrier to large-amplitude vibrational motion as provided by increases in viscosity.
In this paper, we will attempt to present a more quantitative understanding of these nonbonded steric effects. We will directly relate the changes in local mode parameters to changes in the local mode potential of methyl-substituted butanes relative to n-butane and attempt to account for these changes in terms of standard nonbonded potentials. Finally, we speculate on how this change in intramolecular local mode potential affects other liquid properties.
THEORY
The transition energies, AE, associated with pure XH-stretching local mode overtones can be simply described by the twoparameter expression (6): AE = VWCH + V2XCH, [1] in which v is the vibrational quantum number and WCH and XCH are the local mode frequency and local mode anharmonicity, respectively. On the basis of the maximal value of AE from Eq. 1, these local mode parameters can be used to calculate the dissociation energy, D, D= -COCH /4XCH.
[2] The values of D for n-butane and its methyl-substituted derivatives have been calculated from the local mode parameters for the CH3 local oscillators of these molecules (5) and are listed in Table 1 . Because c0CH does not change markedly, the decreasing magnitude of XCH results in increasingly larger dissociation energies with increasing methyl substitution. The net effect is to render the local CH-stretching potential for the methyl CH oscillators more harmonic; this effect is shown qualitatively in Fig. 1 .
If this difference in the dissociation energies of methyl-substituted butanes can be attributed to interaction between the substituted methyl groups and the local methyl CH oscillator, then the intramolecular potential energy along the CH-stretching coordinate, Vs(r), can be partitioned as VS(r) = VB(r) + Vp(r).
[3] VB(r) and VP(r) represent the intramolecular potential of n-butane and the perturbational potential contribution to n-butane due to the substituted methyl groups, respectively. In Fig. 1 , the solid and broken curves correspond to VB(r) and Vs(r), respectively. The difference between these two functions, V'(r) at r = rm, is set equal to AD.
The Lennard-Jones 6-12 potential function has been frequently used to describe nonbonded interactions in the liquid phase (7, 8 [4] D is the dissociation energy along the local methyl CH-stretch-* To whom reprint requests should be addressed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. ing coordinate in n-butane, r. is the distance between the hydrogen atom of the methyl CH local oscillator and the atoms of the substituted methyl groups, and rH is the distance between the hydrogen atom of the methyl CH local oscillator and the hydrogen atom replaced by the methyl groups. AIrm is the difference between the maximum in the dissociative region of the CH potential (r,) and the equilibrium internuclear CH distance (rm)-i.e., Avrm = r,, -rm (see Fig. 1 
[8] The distances r. and rH in the methyl-substituted butanes and n-butane have been determined from Dreiding models to ± 0.05 A. Other studies have shown that overtone spectra can distinguish between conformationally inequivalent hydrogens (9-11). The spectra of 2,2-dimethylbutane, by comparison to the spectra of 2,3-dimethylbutane, do show evidence of the resolution of symmetry inequivalent methyl groups (5). However, the spectra of all five molecules do not show resolved peaks corresponding to different conformers (5) . Therefore, we have considered only the most stable conformation of the model Table 2 . r°, corresponds to the maximal value of rCH for which AD = 0 (see Fig. 1 
in which x = exp [b(l-r/Arm)] and r., = Ar,,,(1-b-'ln2), and V(r) = D{1-exp[-a(r-Arm)]}2. [9] [101 a and b are related by a = r°Jb. The parameters a and b for the Morse potential function have been evaluated and are also given in Table 2. EFFECT ON BULK LIQUID PROPERTIES The net result of these steric interactions in the methvl-substituted butanes is to change the shape of the potential curve along the local methyl CH coordinate. Here we suggest that this change in intramolecular potential might have consequences for the macroscopic bulk liquid properties. The parameters given in Table 2 can be used to characterize intermolecular interactions in terms of a force constant which measures the resistivity to molecular rearrangement in the fluid upon the application of an external applied force. For the two types of potential energy curves, we define the force constants kL = 72 (AD) Ar-2 [11] and kM = 2a2 AD. [12] Table 3 .
In the Introduction we referred to the arguments of Dellinger and Kasha who suggested (1) that increased viscosity provided a contribution to the potential energy governing nuclear motion. They described (1) a semiempirical viscous flow barrier for solvent relaxation.
V(r) = e exp 2 k (r -Arm) ]' [13] in which E is the barrier height and r is the relaxation coordinate of the CH oscillator. 
